The effect of moderate cooling on CdZnTe semiconductor detectors has been studied for the COBRA experiment. Improvements in energy resolution and low energy threshold were observed and quantified as a function of temperature. Leakage currents are found to contribute typically ∼5 keV to the widths of photopeaks.
Introduction

1
In recent years a lot of effort has gone into the understanding of new semi- 
23
For decays in which neutrinos are emitted, the allowed double beta decay 24 process, the observed total energy deposits like below the Q-value, forming a 25 spectrum similar to that observed from beta decay. The experimental challenge 26 is to be able to separate the peak due to the neutrinoless mode from the 27 spectrum produced by the more frequent allowed mode. This requires a good 28 energy resolution, typically less than 2% at 2.8 MeV.
29
Additionally 4 of the isotopes can also undergo double positron decay, hence 30 emitting positrons instead of electrons (β + β + )as shown in 
45
Common to all these decays is the fact that they are very rare, with half-lives 46 well beyond 10 20 years. For the latest COBRA results see [2] . The half-life and size as those purchased pre-contacted and housed.
99
Techniques are sought to improve the energy resolution of this experiment 100 whilst maintaining the low background. In this paper we consider the effect 101 of slight cooling of the CZT detectors which could be provided by delivering 102 cool nitrogen gas, from liquid nitrogen boil off, directly into the heart of the 103 experiment. This would be a convenient technique since warm nitrogen gas is 104 already delivered into the crystal housing in order to flush out radon gas.
105
The aim of this paper is to explore the effect of slight cooling of CZT detectors 106 on energy resolution in general and the improvement for double beta searches 107 specifically.
108
This work presents a systematic study of the effect of temperature on three a even thermal bath which is monitored by two temperature sensors inside.
150
The peltier itself is cooled by a closed-loop pumped water system and cooling was first reported in [7] . Illuminating the whole cathode of the detector results
168
in a wider photopeak due to this effect.
169
Another important source of resolution broadening is the fluctuation of the 170 leakage current. For these detectors, however, we find that leakage current is 15% improvement at 500 keV, and a 5% improvement at 2. 
Low Energy Response
187
Low energy spectra show a significant enhancement in resolution under cool- cooling will not bring significant improvements to the energy resolution. 
Low Energy Thresholds
213
Cooling the CZT crystals results in a significant improvement in lower energy and further cooling does not improve the threshold.
221
In rare search mode, the low energy threshold is always far greater than that 222 observed during calibrations with a high rate source. The low energy threshold 223 can be thought of as the energy at which the noise rate drops below the 224 real physics event rate. Low rate searches therefore experience higher low 225 energy thresholds. Whilst it is possible to observe low energy lines ∼30 keV 226 during calibrations, the low energy threshold is often ∼50 keV or higher in 227 low background operation.
228
The energy threshold is therefore defined to be the energy at which the noise For better-performing commerical detector the leakage current is a major 
